When nonimmune guinea pigs are inoculated intradermally (id.) 
When nonimmune guinea pigs are inoculated intradermally (id.) with Rickettsia mooseri (R. typhi), the organisms replicate at the site of inoculation for 3 to 5 days, depending on the size of the inoculum, after which they are rapidly eliminated (8, 9) . Despite the fact that rickettsiae disappear from the site of inoculation at about the same time as antibodies become detectable in the serum, the local cellular reaction, rather than antibodies, seems to be correlated more closely with their clearance (9) . Although the local reaction strongly suggests a cell-mediated immune mechanism, the infected animals fail to demonstrate delayed-type hypersensitivity when skin tested with R. mooseri antigen. Furthermore, systemic dissemination ofthe rickettsiae occurs only after they have been eliminated from the site of inoculation, at a time when high antibody levels exist (8) .
The results of the study reported here establish the immunological basis of rickettsial clearance from the i.d. sites of infection by adoptive transfer of immunity with spleen cells from immune animals to nonimmune recipients.
MATERIALS AND METHODS Rickettsiae. Two seed lots of R. mooseri, Wilmington strain, were employed. Seed 1 was prepared from monkey kidney cell culture (12EP/15GP/5EP/lGP/ 4BSC-1) and was used for immunizing infections (see below). Seed 2, prepared from embryonated chicken eggs (12EP/15GP/5EP), was used for challenge infections (see below). Some characteristics of these seed preparations and the method employed for their production and characterization have been published (8, 10) . Guinea pigs infected with the seed prepared from monkey kidney cell cultures did not develop hypersensitivity to normal yolk sac components.
Animals. Randomly bred Hartley strain guinea pigs were employed for 50% infectious dose (ID5o) titrations, and syngeneic strain 13 (8, 9) . For one series of experiments, the progress of infection was determined directly by rickettsial titration. At intervals after challenge, biopsies of the skin taken at the sites of i.d. inoculation were titrated in tissue cultures for viable rickettsial content, as previously described (9, 10) .
For the other experiments, the progress of infection was estimated indirectly by the magnitude of the indurated lesions at the sites of i.d. inoculation. The area of induration was calculated from measurements of the diameter of the lesions, and relative protection was determined as follows: relative protection = (Ic -It)/Ic where "Ic" was the mean area of induration recorded for controls. "It" was the mean area of induration observed for treated animals. With this formula, an index of 0 indicates no protection, whereas an index of 1 indicates complete protection. A negative value ("negative protection") indicates that treated animals developed larger lesions than did controls. For one series of experiments, the levels of relative protection observed over a 6-day interval were summarized as a single value. This was accomplished by determining the arithmetic mean of the levels of relative protection recorded for days 2 INFECT. IMMUN. (ii) Effect of inactivation of immune spleen cells. In one experiment immune spleen cells were heated to 560C for 30 min, and in another the cells were frozen and thawed. In each experiment untreated immune spleen cells from the same lot, which served as positive controls, were held at 40C in vitro during the period of treatment of the other portion. Treated and control cells were administered in a dose of 1 X 109 cells per nonimmune recipient before challenge. Figure 4 shows that killing of immune spleen cells by heating at 560C or by freezing and thawing substantially diminshed, but did not abolish completely, their capacity to protect recipients from the development of lesions at sites of i.d. inoculation with R. mooseri. Thus, recipients of live cells showed a capacity to resist lesion formation which progressively increased through day 6 (Fig. 4) . In contrast, recipients of killed cells showed a lesser degree of protection which did not increase with interval after transfer. The difference in the dynamics of the protection transferred with live as compared with dead cells suggests that replication of immune cells or their continued production of a factor may be required for the maintenance of a high level of immunity. Rickettsiae transferred with spleen cells. It was considered likely that splenic cells col- (Fig. 2) .
DISCUSSION
This study suggests that immunity to R. mooseri as expressed at id. sites of infection resides in a population of specifically sensitized cells. Adoptive immunization revealed that such cells protect recipients from both the growth of rickettsiae and the development of skin lesions. On the other hand, recipients of immune serum were not protected against rickettsial growth or lesion development. Thus, this study suggests that acquired immunity to i.d. R. mooseri infection is cell mediated and probably independent of humoral antibody. However, the possible production of local antibody at sites of local i. The relationship between the cellular mechanisms which control local infection in the skin and those which control systemic infection remains to be determined. This question is raised by the demonstration in previous studies that immunity to Wd. infection, measured as clearance of rickettsiae from the primary site of i.d. infection and as a capacity to resist second homologous challenge delivered at skin sites distant from that of primary infection, develops well before the onset of systemic infection (8) . It appears, therefore, that systemic infection develops in the presence of the immunological control of the local skin infection.
These observations can be interpreted to suggest: (i) that R. mooseri, in its systemic spread, possesses a capacity to evade the kind of cellular immune response which appears to operate in the skin as described herein and previously (8, 9); (ii) that different kinds of immunlogical effector mechanisms which mature independently are operative in different organs and tissues; or (iii) that similar effector mechanisms are operative in all tissues and organs but that they require a specific signal, such as antigen which is present only after infection is established in a given site, to initiate the recruitment sequence of the various effector cells, in a manner perhaps analogous to that described by Jungi and McGregor (7) for Listeria monocytogens and Francisella tularense without necessarily assuming an identical final effector pathway forR. mooseri inhibition. Another study (J. R. Murphy et al., manuscript in preparation) addresses some of these considerations. 24, 1979 The results of this study do not preclude a role for antibody in the defense mechanism of guinea pigs against R. mooseri infection. First, adoptive immunization with immune spleen cells provided recipients with a capacity to control R. mooseri infection at sites of id. challenge, but not with a capacity to eliminate rickettsiae rapidly from this site. In contrast, animals, which have recovered from one R. mooseri infection (similar to the donors employed for these experiments) and which presumably possess both immune lymphocytes and antibody, exhibit an immunity of higher quality. They rapidly clear an i.d. challenge (8, 9) . It is possible, therefore, that a synergistic interaction of antibody and sensitized cells is responsible for this higher quality of immunity, a possibility which was not tested by these experiments. Second, it is clear that specific antibody can effect some protection to typhus group rickettsiae. In guinea pigs, antibody appears capable of clearing serum rickettsemia (Y. A. El Batawi, Ph.D. thesis, University of Maryland, Baltimore, 1964) and can protect recipients from the R. prowazekii and R. mooseri infection-associated febrile responses (19, 20) . Further, in other experimental systems, antibody has been demonstrated to protect mice against toxic death and lethal infection (6; C. L. Wisseman, Jr., unpublished data), to protect humans from disease (3, 11, 15, 17, 18) and to sensitize rickettsiae in a manner which prepares them for destruction by macrophages (1, 5) .
